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I. INTRODUCTION
If an emulsion is given an exposure to light of high intensity (Hi)
and of short duration which is followed by an exposure of low intensity
(Ll) and of long duration, one of the following situations may occur:
a. the resultant density may be greater than would normally
be expected as a result of the addition #of the two exposures.
This effect is known as latensif ication (or hypersensitization,
depending upon which of the exposures was image forming) and
is particularly useful when photographing under conditions of
low illumination,
b. the resultant density may be less than would normally be
expected as a result of the addition of the two exposures.
This condition is known as the Clayden effect,
c. the resultant density in the emulsion may be the same as that
which would normally be expected as a result of the addition
of the two exposures.
The difference between situations fa' and 'b' is caused by differences
in the strengths of the exposures used, and situation 'c' is an indication
of where 'a' ends and 'b' begins, or vice versa.
Caution must be exercised in the method by which a final density is
calculated when employing this double exposure technique. The only time
it would be justifiable to simply add the densities obtained when using the
HI and LI exposures is when the straight-line portion of the DvsE (not
DlogE) curve is used; all other cases require the addition of exposures
and subsequent determination of a density, either from the HI or LI DlogE
reference curve. The method of density determination is discussed later.
It must be kept in mind that both the HI and LI exposures are sub
ject to reciprocity failure. No attempt was made to measure the degree
of failure in either case, however, it has been demonstrated that appli
cation of an LI exposure to an emulsion which has been previously given
an HI exposure results in the elimination of the LI reciprocity failure.
It should also be remembered that when calculations were made of the re
sults of an HI + LI exposure, an intensity scale characteristic curve was
used, time being the constant factor in the exposure.
The color temperature of the LI and HI sources used in the experi
ments were not the same. The LI source consisted of a tungsten lamp
which is normally rated at less than 3000 K while the Xenon light
source of the EG&G sensitometer approximates the color temperature of
daylight which is greater i:han 5000 K. When tungsten wire is heated it
radiates energy in a manner very similar to a black body in which the
distribution of energy is continuous with respect to wavelength and
varies in spectral composition with temperature. Tungsten filament
lamps are classed as selective radiators since their spectral emissivity
is a function of wavelength and this functional relationship varies with
the absolute temperature of operation. However, their similarity in
spectral composition to that of a black body is sufficiently exact
for color temperature values to be considered satisfactory indicies of
the spectral energy distribution of the radiation emitted by them.
On the other hand, the Xenon light source does not have an energy dis
tribution which is continuous with respect to wavelength but rather it
has sharp peaks at different wavelengths. Because of the great
difficulty which would have been encountered in matching the color
temperatures of the HI and LI sources, and because of the differences
in reciprocity failures between exposures using these two sources, it
was necessary to express all exposures in terms of their photographic
effects on previously unexposed film.
Practical development of commercial emulsions is controlled by the
surface latent image. However, many of the grains in the emulsion have
not only a surface latent image but also have an internal latent image.
The emulsion must be developed in an internal latent image developer,
after destruction of: the surface latent image, in order to obtain a
measure of the amount of internal latent image present. Study of this
latter image is necessary when examining the characteristics of both
latensif ication and the Clayden effect.
II. OBJECTIVES
The objectives of this paper were as follows:
1. For a particular emulsion, to determine which combinations
of high intensity (Hi) pre-exposure of short duration and
low intensity (Ll) post-exposure of long duration result
in superadditivity of effects (latensif ication) or less
than additivity (Clayden effect);
2. After an emulsion has been subjected to a combination of
HI pre-exposures and LI post-exposures, to determine the
amount of latensif ication and of the Clayden effect found
when processing in surface and internal developers.
III. THEORETICAL BACKGROUND
Extensive research has been carried out in the field of latent
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image formation and distribution, and an interesting model has evolved .
If an emulsion is given an exposure E1 , a resultant density d.. is
obtained (Figure 1)0 If that same emulsion is given an exposure E, a
density d is obtained. If the two exposures overlap, one might expect
that the density in the overlapping area would be additive providing
the exposures were made on the straight-line portion of the DvsE curve,
or if not in this portion (as in this paper), then the exposures would
be additive providing a corresponding density. The resulting equation
for the density under the first condition would be:
d1 = d + d + f where f is fog density
Experimentally it has been found that dn may be greater or less than
d1 + d + f, so we add the term L to obtain d=d +d+f+L
where L may be positive or negative.
If the various types of grain in an exposed emulsion are considered,
they may be classified as being either developable or xandevelopable.
Developable grains include fog grains which are developable, under the
chosen conditions, even when no exposure is given (assuming that the
developability of a fog grain is not affected by subsequent exposure),
and those grains which are made developable by exposure, or full-image
jgr_ains_. In the class of undevelopable grains, there are sub -image
in which the formation of a latent image speck has begun but has
not reached a developable state, and residual grains which were not
affected by exposure at all. Working in density units, we may consider
that the fog grains constitute a density of , full-image grains constitute
a density above fog d, and the density which would be obtained if all of
the sub-irnage grains were to be developed is termed If we consider
0 to be the fraction of sub-image grains made developable by the second
exposure Er , and if E produces from the residual grains a full-image
(1 - c)d, less than d_ because d is produced when all (except fog)
grains are counted as residual, we are able to write the expression:
d12 = dl * 6sl + (1 ~ )d2 + f
*
= d1 + d + 9s1 - cd + f
= d + d + f + L
The quantity c is a measure of the exhaustion of the emulsion by E , or
of the reduction of the number of grains available in their original
unaffected state, for latent image formation by E.
E1 produces some sub-image grains containing internal silver nuclei,
which may be more sensitive than the unaffected grains towards further
exposure at the same high intensity, but are considerably less sensitive
than the unaffected grains at the lower intensity. In the limiting
case, d _ reduces to d1 + (1 - c)d + f which may be less than d + f
(thus causing an apparent reversal, or decrease of d1 as E increases),
but not less than d -;- f (so that there is no reversal for a time scale
of exposure.) It must also be kept in mind that not all grains have the
same sensitivity prior to exposure, and. that when exposure occurs, the
most sensitive- ones will be converted to full-image grains first thus
decreasing the average sensitivity of the emulsion to any subsequent
exposure. At the other extreme, if the value of cd is zero, or none of
the residual grains is affected by E , but 0 = 1 or all the sub-image
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grains are converted to full-image grains, we obtain maximum latensif ic
ation, i.e. d1 = d + d + f + s. . If we were to obtain a condition
in which neither sub-image nor residual grains were affected by E,
(i.e. G = 0,cd = 0), then L would be zero and d = d + d + f.
It has been found that for all practical purposes the effects of
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latensif ication disappear when the emulsion is developed to completion .
This is understandable when it is considered that* the total effect of
latensif ication cannot be greater than the density caused by the
development of both full-image and sub-image grains.
A method of measuring the amount of sub- image in an emulsion after
a latensif ication situation has been obtained is to subtract the density
obtained for a particular exposure condition yielding latensif ication
from that obtained when the emulsion is developed to completion. This
is assuming, of course, that the developer has a high enough potential
to completely develop all developable grains in the development time
used. In a low potential developer it is possible to have only partial
development of a single grain in a given time.
One prominent explanation of the Clayden effect is that by Mitchell
in which he proposes that exposure E1 produces a sub-image speck on the
surface and a full-image speck in the interior of the emulsion grains.
The sub-image groups are uncharged whereas the internal latent image
groups are positively charged after E has been completed. During
exposure E. which follows, a surface latent image which initiates
development with a short induction period is formed in previously
unexposed grains. Electrons released in the grains which were, exposed
by E are trapped by the positively charged particles of the internal
latent, image and the positive holes are trapped at the surface. The
space charge is then neutralized by the motion of silver ions from the
surface to the trapping sites in the interior. The positively charged
groups of silver atoms of the internal latent image provide efficient
traps for the conduction electrons which are not furnished by either
the surface sub-image groups or adsorbed molecules of silver sulphide.
The result of this is that the surface latent sub-image is not transformed
into a latent image during exposure E because the silver atoms which are
liberated separate on internal surfaces0 A reversal image is obtained by
incomplete surface development because of the rapid initiation of develop
ment of grains bearing surface latent images which were exposed by E~
compared with those bearing surface latent sub- images produced by E .
There is no Clayden effect when internal development is employed.
The more widely accepted explanation of the Clayden effect is
that it is caused by the formation of internal latent image speckso
Internal nuclei are certainly produced by HI exposures, in fact HI
short exposures produce more internal image than longer exposures of
lower intensityc During the second exposure these internal nuclei act
as traps for the photolytic products and so reduce the chances of forming
a developable latent image on the grain surface. Thus the desensitization
for the surface latent image corresponds to a complementary sensitization
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for the internal latent image .
IV. EXPERIMENTAL PROCEDURES
Construction and Calibration of a Low Intensity Light Source
A low intensity light source as illustrated by Figure 3 was con
structed. Before the output of this source could be measured, it was
first necessary to ensure that the Gamma Scientific Photometer used in
the measurement was linear over the range of low intensities of inter
est. To do this, the bulb of a MacBeth Model 101 sensitometer, with its
film plane removed and its shutter tied down, was used as a known light
source. At its operating current it produced 109 candles. Both a 2.0
ND filter and a 3.0 ND filter were used in the sensitometer, and read
ings were taken of the filtered source using the Gamma Scientific Photo
meter at distances increasing in two foot increments from it in a dark
ened hallway. Table 1 and Figures 4 and 5 show that the photometer was
linear over the ranges of interest by comparing the measured results
with those calculated using the inverse square law.
Now that it was possible to measure the output of the low intensity
source, readings were taken at varying distances from it along the
exposing bench. Fxom Figures 4 and 5, the measured E values provided the
calculated E values, and using the inverse square law again, the
intensity of the LI source for use with Cine Positive film was found
to be 0.0779 foot candles, and for Panatomic-X film it was found to be
0.00654 foot candles (Table 2).
Exposing Techniques
Special film carriers were built to accommodate two vertically
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parallel strips of test film. These carriers were placed at predeter
mined distances from the LI source along the exposing bench. Each
carried a strip of film exposed by the HI source as well as an un
exposed strip. The film strips on the carriers were then given an
exposure by the LI source.
The HI exposure was applied to the test, film by using an EG&G
sensitometer operating at 1/100,000 second. No filtration was used
with this instrument when exposing Cine Positive film while a 0.82 ND
filter was used when exposing Panatomic-X film. Throughout the ex
periment process control in each of the replicated runs was obtained
by using a strip of the test film exposed only by the HI source.
By having the test film placed at varying distances from the LI
source, the exposure given to it could be calculated using the
inverse square law. Strips of Panatomic-X film were placed at 20",
40", 60", 80" and 100" from the LI source while those of Cine Positive
film were placed 45", 57" and 84" from it. In addition, Cine Positive
film was exposed at the 45" and 57" mark while the LI source was masked
to provide only twenty-five percent of its full output. Exposure time
by the LI source for Cine Positive film was four minutes and for
Panatomic-X film it was one minute.
Processing Techniques - Surface Developers
All development was carried out at 68 F. A nitrogen burst
agitation system was employed at 1.5 psi pressure and a 0.4 second
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burst every eight seconds was used. The film was then given the
following process:
Stop Bath - 30 seconds
Fix - 5 minutes
Wash - 20 minutes
Wetting Agent - 30 seconds
*
The film was dried in a forced air drying cabinet.
DK50 Developer - this developer was prepared from the standard formula.
Cine Positive film was developed in it for five minutes while Panatomic-X
film was processed in it diluted 1:1 for eleven minutes. The results
of processing Cine Positive film are found in Table 3 and those of
Panatomic-X film are found in Table 4.
Prepared Surface Developer - a special surface developer was prepared
according to the following formula:
Metol - 2.5 gm
d - Araboascorbic Acid - 10.0 gm
Potassium Bromide - 1.0 gm
Sodium Carbonate. - 35.0 gm
Water to make - 1.0 litre
Cine Positive film was processed in this developer for 10 minutes
and Panatomic-X film for three minutes. The results of processing
are found in Table 5.
Processing Technique - Internal Developer
The temperature and agitation system \:as the same as used in
surface development.
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Before a determination of the amount of internal image of an
exposed emulsion could be made, the following steps were required;
1. preparation of a surface latent image bleach and an
internal developer;
2. determination of the required bleach time for the test
film;
3. bleaching followed by development in the internal
developer of the test film.
A surface latent image bleach and an internal developer were
prepared according to the following formulae:
Surface Latent Image Bleach
Potassium Ferr icyanide - 3.0 gm
Phenosafranine - 0o0125 gm
Water to make - 1.0 litre
Stock solutions of the two parts were prepared and mixed just
prior to use.
Internal Developer
Metol - 2.5 gm
d - Araboascorbic Acid - 10.0 gm
Potassium Bromide - 1.0 gm
Sodium Carbonate - 35.0 gm
Sodium Thiosulphate - 3.0 gm
Water i-o make - 1.0 litre
To determine the amount of residual surface latent image after
various bleaching times, and to determine the minimum bleaching time
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allowable without reducing the internal latent image, two sets of strips
of Panatomic-X film were given an exposure by the HI source and bleached
for 6, 8,12 and 16 minutes respectively. One set was processed in the
surface developer for three.minutes while the other set was processed
in the internal developer, also for three minutes. The results are
found in Table 6. While the amount of residual latent image was found
to be relatively constant for all bleaching times., a trend towards
lower densities is seen in the film processed in the internal developer
after it has been subjected to the bleach beyond eight minutes. This
would indicate the approximate time beyond which the bleach begins to
attack the internal latent image and has therefore been chosen as the
bleaching time to be used in the experiments.
Panatornic-X Film - Examining the Surface and Internal Latent Images
A duplicated set of strips of Panatomic-X film was subjected to
both HI and LI exposures. Only one LI exposure was used, that being
obtained by having the film 40" from the LI source. One set of these
strips was developed in the surface developer for three minutes while
the other set was subjected to an eight minute bleach followed by
three minutes in the internal developer. The film was then given the
following process:
Stop Bath - 30 seconds
Fix - 4.5 minutes
Wash - 20 minutes
Wetting Agent - 30 seconds
The film was dried in a forced air drying cabineto The results of
processing are found in Table 7.
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V. ANALYSIS OF DATA
General
When a photographic emulsion has been subjected to two successive
exposures, the resulting density cannot be determined by simply adding
the two densities which would normally be obtained knowing the exposures
given and the characteristic curve of the emulsion for a particular
development condition. The first exposure renders the emulsion less
efficient towards the second because in the first exposure some of the
silver halide grains have become fully developable, but more efficient
because others have obtained sub- image specks which require only a small
additional amount of light energy to become fully developable. In
order to add the effects of exposures, it is necessary to select one
of the exposures as a reference. For purposes of this paper, the first
exposure (Hi) was taken as a reference and measurements were taken
from its characteristic curve0
Determination of the theoretical density as a result of the add
ition of the two exposures was made as follows:
1. using the HI source when exposing, a DlogE curve for the
emulsion under test was obtained;
2. a second strip of film was subjected to an exposure from
the LI source and the resulting density was measured;
3. using the HI characteristic curve from Step 1, the exposure
which would be required to produce the density found in
Step 2 was determined;
4. the exposures represented by each of the eleven steps of
the characteristic curve of Step 1 were determined;
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5. the exposure required to produce the density caused by the
LI source (Step 3) was added to each of the exposures found
in Step 4 and the log values of each of the summations were
found;
6. using the new log values from Step 5, new density values
were obtained from the characteristic curve of Step 1;
7. a characteristic curve for the addition of the two ex
posures was made using the new density and logE values.
Statistical Considerations
Standard deviation ('s') curves were placed around each of the
HI and LI reference DlogE curves of the test films (Figures 6 and 7).
A density value from the D-axis was selected and projected horizontally
until it intersected the reference HI DlogE curve and the 's' curves.
Projections were then made vertically from these intersections to the
logE axis resulting in a logE value with 's' values. The + and -
's'
values of the logE value should not necessarily be equal because of a
logarithmic scale, however, due to the very small segments of the scale
being used, they eaa for all practical purposes be considered equal.
To determine the total 's' when adding the HI and LI exposures,
2 2
the formula S = /S + S was used. Once S was found, a 957oJ. y H1 JL I 1
confidence limit was calculated for the new logE value (the result of
addition of exposures) employing the smallest number of replicates
used to produce either the HI or the LI curve. The new logE value and
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its confidence limits were then projected back to the HI reference
curve and across to the D-axis to yield a calculated density value with
confidence limits.
Since the greatest amount of error found when measuring density
is normally at the higher values, and since the shape of the HI DlogE
reference curve greatly affects the resulting .confidencelimit on the
D-axis, it was decided to apply the confidence limits found for the
calculated Dmax to all the remaining calculated density values. This
would not necessarily be the extreme case as a very steep straight-
line portion of a curve would produce unreasonable large confidence
limits as opposed to those which would be found when using the flat
shoulder portion of a curve.
The confidence limits determined for the measured densities were
calculated in the standard manner.
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VI. RESULTS AND DISCUSSIONS
Processing in DK50
Determinations of the expected densities for Cine Positive and
Panatomic-X film processed in DK50 are made in Tables 8 and 9
respectively. The HI and LI. DlogE reference curves for Cine Positive
film are found in Figure 6 and those of Panatomic-X film in Figure 7.
Plots of the data obtained in Tables 8 and 9 are found in Figures 8
to 10 for Cine Positive film and in Figures 11 to 14 for Panatomic-X
film.
Examination of Figures 8 to 14 shows that a marked latensif ication
is found in both films with the greatest effect being observed when
the strongest LI exposure is used. Also, for any given LI exposure,
the greater degree of latensif ication is found in the vicinity of
steps 4 and 5. While the curves crossed three times at the higher end
for the Cine Positive series and once for the Panatomic-X series (thus
indicating Clayden effect) it is felt that, after taking the
confidence limits of the curves into consideration, no statement that
any Clayden effect was found could be made.
The density values which would be expected if each of the films
were subjected to a double exposure using the LI source were determined.
The first LI exposure would be that given to the film at a fixed
distance from the LI source. The second LI exposure would be that
which would provide, on an unexposed piece of film, a density the
equivalent of one of the steps on the HI reference curve (the
density on the HI reference curve would not be chosen to equal Dmax
for the LI reference curve). A comparison of these values and those
obtained as a result of calculated and observed HI + LI exposures is
found in Table 10.
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Examination of Table 10 indicates that latent images formed by
HI and LI exposures, which give the same developed density, are not
identical. If the primary HI exposure is followed by a secondary
HI exposure, and if the primary LI exposure is followed by a
secondary LI exposure, the secondary exposures being equivalent in
their effects on a previously unexposed emulsion, the LI exposures
will give a higher density than the HI exposures. However, if the
HI exposure is followed by an LI exposure, the density will be higher
than either of the other two combinations because of the efficient
conversion of sub-image grains to full-image grains in the second
exposure.
The latter statement is true in general, however it was found
that for Cine Positive film, all of Step 2 and the first two
conditions of Step 3 yielded greater calculated LI + LI densities than
the corresponding observed HI + LI densities. It is generally assumed
that the LI image is the product of inefficient nucleation and efficient
growth so those images which have formed have generally grown to full
developability and thus are not subject to latensif ication.
One explanation is that the slope of the LI DlogE curve for
Cine Positive film is slightly greater than that of the HI DlogE curve
in the region of lower densities (Figure 7).
Processing in Surface and Internal Developers
A comparison of the density values obtained when Panatomic-X
film was processed in both surface and internal developers is seen in
Figure 15. The curve representing surface development, after bleaching
the surface latent image, quite naturally exhibits very small density
values.
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A plot of the surface image density versus the internal image density is
found in Figure 16. From this curve it is seen that the lower exposures
produce more surface latent image while a trend towards greater amounts
of internal latent image is found with the higher exposure value, yet
still not as great as the surface latent image density value. The
experimental evidence does not suggest that the HI exposure produced
enough internal image to warrant the prediction of*the Clayden effect
being found in Panatomic-X film. A 1:1 ratio line is included to better
illustrate the amounts of internal and surface image density found.
It must, however, be used with caution as the more solvent internal devel
oper can be expected to provide a lower covering power than the surface
image developed.
Plots of the characteristic curves for Panatomic-X film subjected
to the HI + LI exposure conditions and processed in both surface and
internal developers are found in Figure 17. From these it is seen that
a latensif ication occurs in both the surface and internal image but
that no Clayden effect is found. (The very small reversal signal at
the upper end of the surface image curves cannot be considered significant
because of the 's' values for the HI + LI exposure density values found
in Table 7).
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VII. CONCLUSIONS
From the experimental results obtained it was found that both
Cine Positive and Panatomic-X films will latensify over the range of
HI and LI exposures used and when processed in DK50. Latensif ication
was also found in both the surface and internal images when Panatomic-X
film was processed in surface and internal developers respectively.
No signal was found which could conclusively be called a Clayden
effect for either of the films tested. This indicates that the surface
latent image was favoured over the internal latent image in the
competition for the electrons released by the secondary LI exposure.
21
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DETERMINATION OF THE INTENSITY OF THE LI SOURCE
MODE 1 - TO BE USED WITH 'CINE POSITIVE FILM
Photometer Cosine Head - 1
_ Photometer Linear Range - 10
DISTANCE d
FROM SOURCE
25
METER
1
68
READINGS.
2 X_
67 67.5
CORRELATED
CALIBRATED READING
3.04 x
10"3
CALIBRATED
SOURCE
5 0.0760
6 36 48 46 47 2.12 x
IO"3
0.0765
7 49 36 36 36 1.62 x
10"3
0.0795
8 64 28 28 28 1.25 x
IO"3
0.0795
X = 0.0779 foot candles
S = -.002 foot candles
MODE 2 - TO BE USED WITH PANATOMIC-X FILM.
Photometer Cosine Head - 1
Photometer Linear Range - 1
METER READINGS
JL _!
4 16 55 55 55
5 25 36 35 35.5
6 36 25.5 25 25.3
DISTANCE d
FROM SOURCE
CORRELATED. CALIBRATED
CALIBRATED READING SOURCE
4.02 x
10"4
.00643
2.6 x
IO"4
.00650
1.86 x
10"4
.00669
X = .00654 foot candles
S = - .0001 foot candles
TABLE 2
RESULTS (CORRECTED FOR B+F) OF PROCESSING CINE POSITIVE FILM IN DK50
AFTER BEING SUBJECTED TO A COMBINATION OF HI AND LI EXPOSURES
.24
NO ADDED EXPOSURE
Step Densities
1 0.04 + .01
2 0.13 + .01
3 0.29 + .01
4 0.56 + .01
5 0.99 + .02
6 1.52 + .03
7 1.99 + -03
8 2.45 + .04
9 2.94 + .05
10 3.46 + .06
11 .._ __
ADDED EXPOSURE
YIELDING D = 0.10
Step Densities
1 0.13
2 0.24
3 0.42 + .01
4 0.69 + .01
5 1.10 + .02
6 1.60 + .04
7 2.02 + .04
8 2.45 + .05
9 2.94 + .07
10 3.42 + .09
11
ADDED EXPOSURE
YIELDING D = 0.18
Step Densities
1 0.25 + .01
2 0.37 + .01
3 0.57 + .02
4 0.84 + .03
5 1.23 + .03
6 1.68 + .03
7 2.04 + .05
8 2.48 + .04
9 2.95 + .06
10 3.41 + .09
11
ADDED EXPOSURE
YIELDING D = 0.38
Step Densities
1 0.45 + .01
2 0.58 + .01
3 0.79 + .01
4 1.09 + .01
5 1.45 + .02
6 1.82 + .02
7 2.15 + .02
8 2.55 + .03
9 3.00 .02
10 3.48 + .02
11
ADDED EXPOSURE
YIELDING D = 0.85
Step Densities
1 0.88 + .01
2 0.99 + .01
3 1.18 + .01
4 1.47 + .02
5 1.77 + .02
6 2.02 + .02
7 2.28 + .02
8 2.65 + .03
9 3.07 + .04
10 3.53 + .04
11 _
ADDED EXPOSURE
YIELDING D = 1.27
Step Densities
1 1.27 + .01
2 1.36 + .02
3 1.52 + .01
4 1.75 + .01
5 1.98 + .01
6 2.20 + .02
7 2.45 + .02
8 2.75 + .03
9 3.15 + .04
10 3.57 + .05
11
TABLE 3
RESULTS (CORRECTED FOR B+F) OF PROCESSING PANATOMIC-X FILM IN DK50
AFTER BEING SUBJECTED TO A COMBINATION OF HI AND LI EXPOSURES
25
NO ADDED EXPOSURE
Step Densities
1 0.11
2 0.25
3 0.45
4 0.75 + .01
5 1.11 + .01
6 1.47 + .02
7 1.73 + .01
8 1.95 + .01
9 2.12 + .02
10 2.26 + .02
11 2.35 + .01
ADDED EXPOSURE
YIELDING D = 1.17
Step Densities
1 1.21 + .01
2 1.29 + .01
3 1.42 + .01
4 1.57
5 1.72 + .01
6 1.86 + .02
7 1.98 + .01
8 2.10 + .02
9 2.21 + .02
10 2.31 + .02
11 2.38 + .02
ADDED EXPOSURE
YIELDING D = 0.43
Step Densities
1 0.58 + .01
2 0.74 + .01
3 0.95 + .01
4 1.21
5 1.47 + .01
6 . 1.66 + .01
7 1.85 + .01
8 2.02 + .02
9 2.16 + .02
10 2.29 + .02
11 2.37 + .01
ADDED EXPOSURE
YIELDING D = 0.18
Step Densities
1 0.35 + .01
2 0.52 + .01
3 0.75 + .02
4 1.02 + .02
5 1.32 + .02
6 1.58 + .01
7 1.79 +.02
8 1.98 + .01
9 2.14 + .01
10 2.25 + .01
11 2.35 + .01
ADDED EXPOSURE
YIELDING D = 0.09
Step Densities
1 0.26 + .01
2 0.42 + .01
3 0.63 + .01
4 0.92 + .01
5 1.24 + .01
6 1.54 + .01
7 1.76 + .01
8 1.98 + .01
9 2.14 + .01
10 2.27 + .02
li 2.36 + .01
ADDED EXPOSURE
YIELDING D = 0.04
Step Densities
1 0.22 + .01
2 0.36 + .01
3 0.57 + .01
4 0.84 + .01
5 1.20 + .02
6 1.51 + .01
7 1.75 + .01
8 1.96 + .01
9 2.14 + .01
10 2.26 + .02
11 2.35 + .02
TABLE 4
26
RESULTS (CORRECTED FOR B+F) OF PROCESSING CINE POSITIVE AND PANATOMIC-X FILMS
IN A PREPARED SURFACE DEVELOPER AFTER BEING SUBJECTED TO SEPARATE HI AND LI EXPOSURES
CINE POSITIVE FILM
HI EXPOSURE
Step Density
1 0.02 + .01
2 0.07
3 0.21 + .01
4 0.52 + .01
5 1.04 + .02
6 1.72 + .02
7 2.32 + .01
8 3.04 + .02
9 3.73 + .02
10
11 _
LI EXPOSURE
Distance of Film
From Source Density
20" 2.45 + .01
40" 1.45 + .03
60" 0.67 + .01
80" 0.33
100" 0.17
PANATOMIC-X FILM
LI EXPOSURE
HI EXPOSURE
Step Density
1 .04
2 .13 + .01
3 .28 + .03
4 .56 + .04
5 .95 + .04
6 1.35 + .04
7 1.64 + .02
8 1.87 + .02
9 2.03 + .03
10 2.16 + .03
11 2.26 + .04
Distance of Fi 1m
From Source Density
20' lo06 + .03
40' 0.34 + .01
60' 0.21
80' 0.05
100' 0.02
TABLE 5
27
(CORRECTED FOR B+F) OF BLEACHING
AND DEVELOPMENT IN BOTH SURFACE AND INTERNAL DEVELOPERS
OF PANATOMIC-X FILM SUBJECTED TO AN HI EXPOSURE
SURFACE DEVELOPMENT INTERNAL DEVELOPMENT
BLEACHING TIMESBLEACHING TIMES
Step 6 Min 8 Min 12 Min 16 Min Step 6 Min 8 Min 12 Min 16 Min
1 0 0 0 0 1 0 .01 0 0
2 0 0 0 0 2 .02 .03 .02 .01
3 0 0 0 0 3 .07 .07 .05 .03
4 0 0 0 0 4 .16 .16 .12 .08
5 .01 .01 0 0 5 .29 .29 .24 .18
6 .02 .02 0 .01 6 .44 .44 .39 .33
7 .03 .03 .01 .01 7 .63 .61 .56 .50
8 .05 .05 .03 .03 8 .81 .80 .75 .65
9 .07 .07 .06 .05 9 1.00 1.01 .99 .84
10 .09 .10 .09 .07 10 1.22 1.24 1.24 1.08
11 1.46 1.48 1.50 1.33
TABLE 6
.28
RESULTS (CORRECTED FOR B+F) OF PROCESSING PANATOMIC-X FILM
IN SURFACE AND INTERNAL DEVELOPERS AFTER BEING SUBJECTED
TO A COMBINATION OF HI AND LI
EXPOSURES'
SURFACE DEVELOPMENT
HI EXPOSURE
Step Density
1 .04
2 .12
3 .27
4 .54
5 .92
6 1.29
7 1.59
8 1.80
9 1.98
10 2.10
11 2.20
LI EXPOSURE
Distance of Film
From Source
HI & LI EXPOSURE
40'
Density
.29 + .02
Step Density
1 .43 + .02
2 .58 + .02
3 .77 + .02
4 1.00 + .03
5 1.24 + .03
6 1.48 + .02
7 1.66 + .02
8 1.83 + .02
9 1.98 + .04
10 2.08 + .04
11 2.18 + .03
HI EXPOSURE
itep Density
1 .01
2 .02
3 .07
4 .13
5 .23
6 .37
7 .52
8 .69
9 .88
10 1.09
11 1.35
INTERNAL DEVELOPMENT
LI EXPOSURE
Distance of Film
From Source
40'
.06 + .01
HI & LI EXPOSURE
Step Density
1 .08 + .01
2 .11
3 .17 + .01
4 .25
5 .37
6 .50 + .02
7 .63 + .02
8 .80 + .03
9 .98 + .04
10 1.17 + .05
11 1.39 + .05
TABLE 7
CALCULATIONS OF "Hm SXPfiC-Iifl
AFTI&l BBIKG- SUBJ.vGTLf TO A (
45" from
HI Exposure (1)
Step LcgE(Hl) MUIl
1 1.084 .121
2 1.344 .221
3 1 . 644 .441
4 1.974 .941
5 O.294 1.97
6 0.574 3.75
7 0.864 7.3
8 1.184 15.3
9 1.474 29.8
10 1.764 58.1
11 2.054 113.2
LogS Yielding
1KL.27 from HI Curvs
Corresponding
Value (2)
0.45 2.82
Filjn_i7!LJ"roir- l:
HI
Step.
Exposure
LogE(Hli ^11
1 1.084 .121
2 1.344 .221
3 1.644 . 441
4 1.974 .941
5 0.294 1.97
6 0.574 3.75
7 0.364 7.3
8 1.184 15.3
9 1.474 29,8
10 1,764 58.1
11 2.054 . 113.2
LogE Yielding
D=0.85 from HI Curve
0.18
Corresponding
_.y.71uej2)_ _
1.51
tab;
^TM,7nLciNE
.positivejiup ,
77771 9l,M.6^JfLJEE66A7Ei
^9Hrce_jNo_Hask^
29
SlUTl Of
2.94
3.04
3.26
3.76
4.79
6.57
10.12
15.12
32.62
60.92
116.02
New LogE Calculated
Values Densities
.468 1.30
.483 1.32
.513 1.36
.575 1.50
.681 1.68
.818 1.92
1.005 2.06
1.258 2.50
1.514 3.00
1.785 3.68
Confidence
Llriits
,07
Measured Confidence
Densities Limits
1.27 .01
1.36 ,02
1.52 .01
1.75 .01
1.98 .01
2.20 .02
2.45 .02
2.75 .03
3.15 .04
3.57 .05
2.064
our ce (No Mask)
Sum of New LogE Calculated Confidence Measured Confidence
76 & (2) Values Densities^ L,ir,4_t5___ Densities _ Lirdts
1.63 0.212 0.88 / 0.88 .01
1.73 0.238 0.92 0.99 .01
1-95 0.290 1.00 1.18 .01
2.45 0.389 1.16 1.47 .02
3.48 0.541 1.42 1.77 .02
5.26 0,721 1.76
+ 7)7 2.02 .02
8.81 0.945 2.12 2.28 .02
16.31 1.225 2.52 2.65 .03
31.31 1.495 3.00 3.07 .04
59.61 1.775 3.68
" 3,53 .04
in. 71
2.058
fTABLE 8
Film1 84" from L
HI Exposure (D
Step LosE(Hl) E(HI)
1 1.084 .121
2 1.344 .221
3 1.644 .441
4 1.974 .941
5 0.294 1.97
6 0.574 3.75
7 0.864 7.3
8 1.184 15.3
9 1.474 29.8
10 1.764 58.1
11 2.054 113.2
LogE Yielding
D=0.38 from HI Curve
Corresponding
E Value (2)
1.78 .602
Film 45" from L7
HI Exposure (D LogE Yielding
Steo LokE(HI) E(HI) EK).18 from HI Curve
1 1.084 .121
2 1.344 .221 .
3 1.644 .441
4 1.974 .941
5 0.294 1.97
6 0.574 3.75 1.46
7 0.864 7.3
8 1.184 15.3
9 1.474 29.8
10 1.764 58.1
11 2.054 113.2
Corresponding
E Value (2)
.274
HI Exposure (D LogE Yielding
Step hoE.mil E(HI) D=-"0.10 from HI Curve
1 1.084 .121
2 1.344 .221
3 1.644 .441
4 1.974 .941
5 0.294 1.97 1.28
6 0.57'' 3.75
7 0.864 7.3
8 1.184 15.3
9 1.474 29.8
10 1.764 58.1
11 2.054 113.2
57" from L
Corresponding
E Value
.191
nt'd) 30
Sum of
r -i \ /\
New LogE Calculated Confidence Measured Confidence
iiLi_W. Values
1.857
Densities
.44
Limits Density es
45
Limits
.72 A .01
.82 1.906 .48 .58 .01
1.04 .017 .61 .79 .01
1.54
.187 .84 1.09 .01
2.6
.415 1.20 1.45 ,02
4.35 .638 1.60 1.82 .02
7.9 .898 2.04 + r 2.15 .02
15.9 1.202 2.48
-^ i
2.55 .03
30.4 1.482 2.92 3.00 .02
58.7 1.768 3.64
1
I 3.48 .02
113.8 2.056
ource_( 14asked )_
Sum of New LogE Calculated. Confidence Measured Confidence
(1) & (2) Values
1.596
Densities
.26
Limits Densities
.25
Limits
.395 .01
.495 1.694 .32 .37 .01
.715 1.854 .4/-! .57 .02
1.215 .084 .70 .84 .03
2.24 .340 1,06 1.23 .03
4.02 .604 1.54 1.68 .03
7.57 .896 2.04 i.07 2.04 .06
15.57 1.192 2.48 2.48 .05
30.07 1.478 2.95 2,95
'
.07
58.37 1.784 3.41 \ 3.41 .10
113.47 2.053
our c<- (Masked).
New LogE
1.494
1.614
1.80
.054
.334
.595
.874
1,190
1,476
1.766
2.054
Calcu"4te.a
Densities
.20
.26
.40
.66
1.06
1.54
2.00
2.46
2.94
3.64
Confidence
Lirrits
t-l
Measured
Densities
.13
.24
.42
.69
1,10
1,60
2,02
2,45
2-94
3.42
confidence
Limits
.01
.0i
.07
^.05
.05
.06
7.08
-r.10
HI Exposure (D LogE Yielding
Step LogEiHii L-1.17 from HI Curve
1 2.264 .018
2 2.524 .033
3 2.824 .066
4 1,154 .143
5 1.474 .298 1.52
6 1.754 .568
7 0.044 l.ll
8 0.364 2.31
9 0.654 4.51
10 0.974 8.79
AETgR Fim-iS
._SUBJjgCTBR
TO A CO
Film 20" f
Corresponding
Value (2)
.331
11 1.234 17.15
Film 40" f
HI Ex. p_csure
""Lpc^OLQ
(D J
IML
..ogE Yielding
47i from HI Curve
. Corresponding
E Value (2)
1 2.264 .018
2
3
4
2.524
2.82/;
1.154
.033
.066
.143
5 1.474 .298 2.81 .064
6 1.754 .568
7 0.044 1.11
8 0.364 2.31
9 0.654 4.51
10 0,944 8.79
1 -:
j.-l 1.234 17.15
TAE
77I1I^IN l/^rTOMIC-v: FILM
&LWjn m\ li lxpcsim
31
Ll Source
Sum of
.35
.36
.40
.47
.63
.90
1.44
2.64
4.84
9.12
17.48
New LogE
Values
_
1.544
1.556
1.602
1.672
1.799
1.954
.158
.422
.684
.955
1.242
Calculated
Densities
1.20
1.22
1.27
1.36
1.50
1.65
1.81
1.98
2.14
2.26
2.35
Confidence
Limits
:,02
Measured
Den.M ties
1.21
1.29
1.42
1.57
1.72
1.86
1.98
2.10
2.21
2.31
2.38
Confidence
Li.mi ts
.01
.01
.01
0
.01
.02
.01
.02
.02
.02
.02
Ll Source
Sum of New LogE C44l0U.l-7'tc
(i) & iZl Values Densities
.082 2.914 .51
.097
2.936 .59
.130
1.114 .71
.207
1.316 .94
.362
1.559 1,16
.632
1.801 1.50
1.174 .069
1.76
2.37 .375
1.96
4.57 .66
2.12
8.85 .947
2.33
17.21
1.236
Confidence
Limits
I,
.02
Measured Confidence
Den si ties limits
0,58 .01
0.74 1.01
0.95 .01
1.21 0
1.47 .01
1.66 .01
1,85 .01
2.02 .02
2.16 .02
2.29 .02
2 , 3? .01
J PA
'
TABLE 9
Film 60" f
HI
Step
Exposure
LogE(Hl)
(D
E(HI)
LogE Yielding
BO. 18 from HI Curve
1 2.264 .018
2 2.524 .033
3 2.824 .066
4 1.154 .143
5 1.474 .298 2.4
6 1.754 .568
7 0.044 1.11
8 0.364 2.31
9 0.654 4.51
10 0.944 8.79
11 1.234 17.15
Correspond!
E Value (2
.025
Film 80" fi
HI
Step
Exposure
LogE (HI)
(1)
1 2.264 .018
2 2 . 524 .033
3 2.824 .066
4 1.154 .143
5 1.474 .298
6 1.754 .568
7 .044 1.11
8 .364 2.31
9 .654 4.51
10 .944 8.79
11 1.234 17.15
LogE Yielding
D=0.09 from HI Curve
2.23
Correspondir
.
E Value (2]
.01?
yNew LogE
_Values__
2.602
2.778
2.954
1.23
1.505
1.771
.057
.369
.657
.946
1.235
Calculated Con jTLdence Measured. Confidence
Denslties Limits Densities
0.35
Limits
.29 Ii .01
.41 0.52 .01
.55 0.75 .02
.83 1.02 .02
1.14 1.32 . .02
1.47 .(-)?. 1.53 .01
1.72 1.79 .02
1.95 1.98 .01
2.12 2.14 .01
2.26 2.25 .01
2.35 1
'
2.35 .01
.1171 of
" New LogE Calculatcd Confidence Measured Confidence
) & (2) Values Densities Limits Densities Limi.t s
.035 2.544 .26 , y 0.26 .01
.050 2.699 .35 0.42 .01
.073 2.919 .50 0.63 .01
.160
1.204 .80 0.92 .01
.315
1.493 1.14 1.24 .01
.535
1.7 67 1.47 1.54 .01
L.13 .053
1.72 + * 72 1.76 .01
F33
u53
J. 81
.367
.656
.945
1.95
2.12
2.26
1.98
2.14
2,2?
.01
.01
.02
W7 1.234
9 riy
'- 4>
I
-i.3o .01
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